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摘       要 
 I




—自动小车存取系统（Autonomous Vehicle Storage and Retrieval System， 






(1) 针对 AVS/RS 中轨道导引小车系统（Rail Guided Vehicles System，RGVS）











(3) 针对 RGVS 在多层货架中所形成的三维出入库调度问题，提出了一种基



















(4) 针对 AVS/RS 货位优化问题，提出了一种基于离散微粒群（Discrete 


























The AS/RS easily falls into entire roadway paralysis when one of the stackers 
goes wrong in the process of operation. Goods in the related ware location with the 
roadway can’t be storage and retrieval, which seriously affects the flexibility of the 
system. With the development of  warehouse towards automation, integration, 
information and  intelligent , a new styp of storage/retrieval(R/S) system called 
autonomous vehicle storage and retrieval system(AVS/RS) is developed. This system 
is composed of three subsystems: rail guided vehicle system、lift system and cache 
zone for goods. The research are focused on static design models for AVS/RS 
curently,however,the loss of  study for the dynamic process such as optimal control 
technology leads to difficulty of popularizing. So in this paper, we focused on the 
optimal control technology and decision-making method of the AVS/RS combination 
of Petri net、graph theory、intelligent optimization algorithm、decision theory，aiming 
at improve the performance of AVS/RS including the function of subsystem.The 
specific details are as follows:  
(1) To avoid the cycle-deadlock exits in the rail-guided vehicles systems(RGVS) , 
a deadlock control modeling method based on Petri nets and directed graph tools was 
proposed. There is different cycle deadlock from circuit deadlock in the distributed 
system, so the dynamic model of AVS/RS is investigated by using colored timed Petri 
nets (CTPN). Based on the CTPN model, a route digraph is built to detect 
cycle-deadlock in AVS/RS with digraph tools. Moreover, the necessary and sufficient 
conditions of deadlock-free are established; deadlock-free control policies are 
proposed. Then, the critical state in deadlock free is identified and algorithm is 
applied to solve it. 
(2) To solve the problem of  path planning  in uncertain environment of  rail 
guided vehicle system  , a method based on dynamic influence diagrams(DID) was 
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information and uncertain state detected by the  robot ,including physical state and 
position of other RGVS. Moreover, by predicting the state of the system in next slice, 
RGV taking the properly action to avoid conflict or deadlock. It described the 
decision-making process of rail-guided vehicle system each grid  in a simple and 
intuitive graphical expression . 
(3) To improve the scheduling of  rail-guided vehicles system in the 
autonomous vehicle storage and retrieval system(AVS/RS), an optimal method based 
on improved quantum-behaved particle swarm optimization is proposed . First, a 
mathematic model is investigated based on the sequencing characteristics of 
rail-guided vehicles system. Then an optimal method based on improved 
quantum-behaved particle swarm optimization(QPSO) is proposed, the velocity and 
position update method is redefined and a Gaussian mutation operator is defined to 
improve the algorithm’s local convergence ability.  
(4) To  improved the goods location assignment system , an optimal method 
based on the simulated annealing with discrete particle swarm optimization 
algorithm(SADPSO) is proposed . First the physical structure and logical 
characteristic of the AVS/RS is analyzed, and the mathematic model of goods location 
assignment optimization is established. Based on this model, the strategy of section 
assignment is proposed ，then the SADPSO algorithm is applied to solve it. 
The above proposed methods are validated based on simulation softs, The results 
demonstrate the feasibility of these proposed methods. 
Finally, there are concluded with a summary and some further research areas in 
this thesis. 
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